Abstract-The degradation of films of poly(3 hydroxybutyrate) and its blends with ethylene-propylene rub ber during their treatment with water and UV radiation at 20 and 90°C is studied. Changes in the structural characteristics of both components during degradation are investigated via DSC, IR spectroscopy, and opti cal microscopy. It is shown that pure poly(3 hydroxybutyrate) features the highest weight loss during degra dation in distilled water at 20°C. In the case of the blends, the most significant changes in the structures of the components are observed for the 50 : 50 (wt %) sample.
INTRODUCTION
Polymers are subjected to the effects of moisture, air oxygen, and microorganisms during their whole operation lifetime. Under real conditions, polymeric products are often simultaneously affected by several environmental factors, such as UV radiation, mois ture, and soil micromycetes at a continuously chang ing air temperature.
The aim of the present study is to reveal the specific features of the combined effect of such factors as an aqueous medium, temperature, and UV radiation on samples of a biodegradable polymer-poly(3 hydrox ybutyrate) (PHB)-and its blends with a synthetic ethylene-propylene rubber EPDM.
In the last decade, the interest in the PHB biopoly mer-linear polyester, belonging to the class of poly hydroxyalkanoates, has surged in many countries [1, 2] . PHB is characterized by high physicomechanical properties close to those for PP; it is compatible with the human body, a property that is very important for medicine and pharmacology, and is capable of biodeg radation. The degradation of PHB and its copolymers in soil and dilute alkaline solutions was studied in [3, 4] . The disadvantages of PHB include brittleness and high cost. Therefore, it is often used in blends with better available, cheaper polymers.
The synthetic rubber EPDM was used as the sec ond component. PHB-EPDM blends were studied via different methods, their structural characteristics [5] and crystallization features [6] were determined, and the effects of soil micromycetes and organic acids were ascertained [7] . In our opinion, research into the structure and properties of the aforementioned blends are of interest both for use in practice and fundamental polymer science and for the study of solid state pro cesses in heterogeneous and heterophase blends.
EXPERIMENTAL
In the present study, powdered PHB with a molec ular mass of M η = 2.5 × 10 5 and EPDM of the Dutral CO 059 brand (Italy) were used. PHB and PHB-EPDM samples were obtained via rolling. PHB-EPDM films of the compositions 100 : 0, 80 : 20, 70 : 30, and 50 : 50 (wt %) were molded on a laboratory molding machine at 190°С.
A VL 6.LC lamp (Vilber Lourmat, France) with a wavelength of 365 nm was used as a UV light source. Film samples (20 mm × 20 mm) were placed in a vessel with distilled water under the UV light source. After experiments, the films were carefully dried and inves tigated via DSC and IR spectroscopy.
The thermophysical characteristics of the blends were determined via DSC. The scan rate was 8°С/min, sample weights varied within 8-12 mg, and the device was calibrated relative to indium with Т m = 156.6°С.
The degree of crystallinity, α cr (%), was calculated through the formula α cr = 100 × ΔН m /ΔН m (100%), where ΔН m (100% crystal) for PHB is 146 J/g [8] .
The process of water uptake was conducted at 20 ± 2 о С in distilled water; the weight was measured every day at a certain time. Samples (at least three for each composition) were retrieved from water, blotted with filter paper, and immediately weighed. The degree of water uptake, α w , was calculated as (m 2 -m 1 )/m 1 × 100%, where m 1 is the initial weight of the sample and m 2 is the weight of the sample after treat ment with water. Experiments were performed until the equilibrium state was attained, when the difference between sample weights determined within the 24 h interval did not exceed 0.1%.
Degradation in the aqueous solution was studied at 20 ± 2°С with the use of preliminarily weighed sam ples placed in 150 mL of water. After 135 days, three samples of each composition were taken out, dried to a constant weight at 40°С, and weighed again. Weight loss Δm was calculated as (m 0 -m 1 )/m 0 × 100%, where m 0 is the initial weight of the sample and m 1 is the weight of the sample after its degradation.
The morphologies of film samples (investigations of surface layers) before and after degradation were studied on an Olympus CX41 optical microscope using a Canon camera with a magnification of ×200.
Structural changes of the samples were estimated via IR spectroscopy on a Specord M 80 instrument with a precision of ±3 cm -1 from changes in the inten sities of the IR bands at 3300-3500 cm -1 (OH groups) and 1720 cm -1 (>C=O groups) and the structure sen sitive IR bands at 2980, 810, 720 [9] , and 620 cm -1 . Thicknesses of the samples were taken into account in calculations.
RESULTS AND DISCUSSION
Before investigation of the combined effects of water and UV light and the combined effects of water and temperature, it was necessary above all to gain insight into the effect of water on the test samples.
Experiments on water uptake by films of various compositions were conducted at 20°С. The diagram (Fig. 1) shows that PHB possesses a very modest hydrophilicity, whereas the degree of water uptake increases with the content of EPDM in the blends. Note that EPDM is a water resistant polymer [10] . However, an interfacial layer is known to form in het erogeneous blends, such as the investigated samples. This layer is characterized by a reduced density relative to the densities of the components because of defects in the crystal structure of PHB and violation of the macromolecular structures of the components that is caused by their intermolecular interactions [5, 6] . Thus, it may be assumed that the hydrophilicity of the blends increases owing to loosening of the structure of their amorphous regions.
Degradation of the samples was studied in distilled water and tap water through the measurement of weight losses Δm at 20°С. The dependence of Δm on the blend composition for the distillate is presented in Fig. 2 . The highest weight loss is observed for pure PHB. For the blends, Δm is 3-4%. These data differ from those obtained for degradation in tap water, where weight losses for the blends were higher than that for pure PHB. Obviously, in this case, an impor tant role is played by admixtures of mineral salts, which affect the rate of degradation of macromole cules and the formation of microcrack structural defects in film samples [11] .
The structure of the samples after treatment with water for 135 days was analyzed via IR spectroscopy. The relevant data are listed in Table 1 . As is seen, the saturation of films with water results in considerable changes in the intensities of bands at 620, 720, and 810 cm -1
. The band at 620 cm -1 is assigned to vibra tions of -СН 2 -СН(СН 3 )-groups [5] . This is PHB's structural band, which is sensitive to changes in the isomeric composition of chains. It follows from Table 1 that the intensity of the indicated band declines for both pure PHB and its blends probably owing to degradation of PHB chains. Note that the highest acceleration of PHB degradation is observed for the 50 : 50 (wt %) sample. This effect might be pro moted by the highly defective structure of PHB chains. It may be supposed that phase separation of the system occurs in this sample in the presence of water, thus facilitating the degradation of PHB relative to the deg 
